
At>-a.7?33S 
USADAC TECHNICAL LIBRARY         ^   *-J   I^F     { 1^1    I        -y    l"H    I        1""^ I 

5 0712 01015250 1 

ARMORY 
SPRINGFIELD, MASSACHUSETTS 

RESEARCH AND DEVELOPMENT 

Report:   SA-TR20-2309 

Date:  10 October 1960 

Report Title:  Feasibility Study of a Variable Firing Rate Function 
Generator for Analog Computers 

H.   F./jlAWTTlORNE 
Author (~/c), ^Jj2Jtf<r~nJ/ Approved    '(/ SJ/?~.'%''•£&*- <?~~-* 

D.   GELFOMD       {/ 
Electronic Engr (Instr) Chief, Res and Dev Div 

i^GllNICAL 
LIBRARY 

MAST LE 
DO NOT REMOVE --. 

j? 

CftDbD   For* 722 
7 Apr 60 

*' •• 



ASTIA AVAILABILITY NOTICE. Qualified requesters may obtain copies of 
this report from ASTIA. 



Report:  SA-TR20-2309 

Date:  10 October 1960 

Report Title:  Feasibility Study of a Variable Firing Rate Function 
Generator for Analog Computers 

,/£). M^LiJL       Approved   AyM/^^ Authoi 

Electronic Elngr (Instr)        ~CnTef, Res and Dev Div 
D.  GELFOND / ' .  H. Vj JHWTHORNE 

Project Title:  Basic Studies in Ordnance Engineering (Sub-Audio Oscillator) 

QMS Code:  5010.11.82000.00.01 
•  — 

DA Project:  572-01-004 

Preparing Agency:  Springfield Armory 
Springfield, Mass. 

To the extent knowf this report does not contain any patented material, trade 
secrets, copyrighted and/or copyrightable material, trade marks or trade names. 

NONLIMITAXION^N-fiEPRODUCTJ&H^ML-DI^^ 
bution report.  Initial distribution of the report has been made in accordance 
with the attached distribution list.  Reproduction, and/or distribution by any 
installation or agency is authorized. 

DISPOSITION: Destroy - do not return. 



REPORT 
SA-TR20-2809 

ABSTRACT 

A feasibility study is presented of a function generator to 
simulate the firing pulses of an externally powered machine 
gun during the analog computer analysis of the recoil mo- 
tion of the gun.  The function generator has a rate that can 
be varied to simulate the change in firing rate that occurs 
during the firing acceleration interval of the operational 
cycle of the weapon.  A heterodyne system with a voltage- 
controlled oscillator was one of the systems studied and 
found to be impractical.  The second system was an electronic 
time interval generator.   This system was found to be the 
most practical.  A variable firing rate function generator 
can be developed to reproduce with reasonable accuracy the 
performance of an externally .driven weapon during the ac- 
celeration period. 
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SUBJECT 

Improvement in Analog Simulation of Externally Driven Weapons 

OBJECT 

Feasibility study for a swept-frequency sub-audio oscillator. 

CONCLUSION 

A variable firing rate function generator can be developed to 
reproduce with reasonable accuracy the performance of an externally 
driven weapon during the acceleration period. 
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1. SUBJECT 

Improvement in Analog Simulation of Externally Driven Weapons 

2. INTRODUCTION 

In order that the analog computer analysis of the recoil motion of an 
externally driven weapon be correct, it is necessary to simulate the change 
in firing rate which occurs during the weapon acceleration interval.  It is 
recognized that this could be done in several ways. The firing impulse 
could be introduced manually by the computer operator or it could be intro- 
duced by some mechanical method. Neither of these methods seemed satisfactory 
from the standpoint of accuracy, flexibility, and repeatability. 

The possibility of using a voltage-controlled oscillator for this purpose 
was considered.  Initially, a heterodyne system was studied. One frequency 
was to be time-varied by a predetermined control signal shaped so that the 
variation between beat frequency cycles would simulate the change in firing 
rate.  In essence, this is the condition of frequency modulation. Although 
this appears straightforward, several other aspects must be considered. 

During the quiescent state a beat signal should not be evident, requir- 
ing that the oscillators be "locked" in phase.  The condition of the con- 
trolled oscillator should always be the same when a control signal is applied 
to maintain the relationship between the start of motion and the time at which 
the first round is fired. Also, the generation of the control signal presents 
some additional problems.  Finally the sub-audio oscillator output voltage 
would have to be shaped into a trigger pulse to drive the normal F(t) impulse 
generator used in the computer. All this complexity makes the use of the 
heterodyne system for this express purpose impractical. 

As a result of the critical review of the heterodyne system, a better 
understanding of the requirements to be imposed on this function generator 
was reached.  This led to the conclusion that the use of an electronic 
time interval generator would be advantageous.  Of the several types avail- 
able, the phanastron was chosen.  It can provide a very large ratio of time 
intervals; the generated time interval is a linear function of the applied 
control signal. 

3. RESULTS 

An analysis of the recycling action will not be given here since this 
can be found in most of the current texts for electronic waveform generators-'-. 
During the generation of an interval, the phanastron behaves as an integrator; 
this portion of its operation will be analyzed here. 

1.  MIT Radiation Series, Vol. 19, "Waveforms" 
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The general expression for the output voltage is: 

(1) v'Vo- 1/R1C1 S       Em f(t) dt 

Em f(t) : control voltage 

RlCl   : integrator time constant 

Vo     = initial value of output voltage 

v     = instantaneous value of output voltage 

As it is used here, the phanastron will recycle several times before 
the control voltage reaches a steady state value. Therefore, equation (1) 
should be rewritten to include a term representing the control voltage at 
the instant a new cycle is started. 

(2) v » Vo - 1/R1C1  J"t2  ei dt - 1/RlCl jTt2  (Em - ei)f(t) dt 

where ei = Em f(tl) 

To prove the validity of the analysis, known parameters are substituted 
in equation (2).  The cycle times are calculated and compared with measured 
values. 

let f(t) = 1 - £ -t/*202 

rt2 Tt2 
(3)  v = Vo - e/RlCl J        dt - (E-e)/RlCl  ^f (1 - £ 

-t/R2C2 
)dt 

Solving (3) yields 

, -t2/R2C2    -tl/R2C2 
(4)    V0RlCl/(E-e). (R2C2) - E(t2-tl)/(E-e)(R2C2)- £        +£        =0 

The numerical solution is given in Appendix A.  Comparison between the 
calculated and measured values gives an error not exceeding five per cent 
(Appendix B) for an individual cycle.  Therefore, it is shown that the perform- 
ance of the phanastron with a variable control voltage is readily predictable 
and that precision components are not required where moderate accuracy is 
acceptable. Appendix C shows pictorialiy the control and output signals. 

The major disadvantage is the use of an analog control voltage to sweep 
the oscillator.  This could be overcome by using an incremental control volt- 
age that could be advanced during the recycling time of the phanastron. 
However, this aspect was not investigated. 

-5- 
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4.  CONCLUSIONS 

In summary then, it is feasible to construct a variable firing rate 
function generator for the analog computer, and though the original hetero- 
dyne approach was discarded the second approach is practical. 



REPORT 
APPENDICES SA-TR20-2809 

Appendix A - Solution of Control Equation (3) 

Appendix B - Comparison of Time Intervals 

Appendix C - Typical Performance Curves 

Appendix D - Drawing SA-C43345 

Appendix E - Distribution 
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SOLUTION OF CONTROL EQUATION (3) 

(3) . = ,.- e/RlCl J%  dt - (E-.)/.UCl_fJ (1 - € ' t/R2C2>1 dt 

v * Vo .(E/RlCl)(t2-tl) • (8-OR2C2/RLC1 ^Z" ^R2C2 - ^"rt2") 

A cycle ends when v • o, therefore 

-t2/R2C2    -tl/R2C2 
(4) 0 * Vo RlCl/(E-e)(R2C2)- E(t2-tl)/(E-e)(R2C2)- £       + £ 

Solving (4) for 
let 

t2, 
tl = 0 
R2C2 = 15 seconds 
RlCl = 1/3 R2C2 

t2 
RlCl 

Vo • 200 volts 
E = 170 volts  , 
e - E(l -  -tl/R2C2) + 30 
x = t2/R2C2 

1.477 - 1.2 L2X .  "x = 0 
x"« .87 
t2 • 13.9 seconds 

This procedure is continued for consecutive values of t. 
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COMPARISON OF TIME INTERVALS 

Calculated Measured 

t2 13.9 Seconds 

t3 20.8 

t4 27.0 

t5 33.1 

t6 39.1 

t7 45.2 

t8 51.2 

13.2 Seconds 

20.2 

26.4 

32.2 

38.8 

44.2 

49.6 
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TYPICAL PERFORMANCE CURVES 

Upper trace: Generator output - 50v/div 

Lower trace: Control voltage - lOOv/div 

Time scale:  5 sec/div 

-10- 
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Drawing SA-C43345 
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